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NOVELTY - The thin film of porous silica is obtained by hydrolyzinq and 
condensing alkoxy silanes to obtain composite silica and organic polymer 

In on? n SlllCa . C ° ntainS 3-15 wei 9 ht% of organic residue and has 
porosity having maximum pore size of 50 nm or less 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for a 
multi-layer interconnection structure which comprises a wiring formed by 
SeVGr f T L inSU 9 la ^ ers containing at least one porous silica thin film 

> USE - For use as multi -layered inter-connection structures in 
semiconductor devices (claimed) . 

ADVANTAGE - The porous silica thin film has excellent porosity, low 
dielectric constant, uniform pore size and improved contact-, mechanical- 
and tensile-strength. 
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AB PROBLEM TO BE SOLVED : To provide a thin porous silica film having a 



superior mechanical strength. 

SOLUTION: A thin porous silica film is composed of porous silica having 
high porosity, .contains pores having nanometer-size diameters, and 
contains a specific amount of residual organic polymer or its modified 
product in its structure. 
COPYRIGHT: (C)2001 / JPO 



= > 



IOM6b*\ 



JP2001-118841-A THoryisoKi 

;in i i Hiiiii i iiii m wiiiiiM 



MACHINE-ASSISTED TRANSLATION (MAT): 



(19) mmm 

uwmniT a p) 

(12) mmmi] 



(11) mm 



'A 



(19)[ISSUING COUNTRY] 

Japan Patent Office (JP) 

(12)[GAZETTE CATEGORY] 

Laid-open Kokai Patent (A) 



(11)[K0KAI NUMBER] 

Unexamined Japanese 
200 1 -1 1 884 1 (P200 1 -1 1 884 1 A) 200 1 -1 1 884 1 (P200 1 -1 1 884 1 A) 

(43) (43)PATE OF FIRST PUBLICATION] 

1 3 # 4 J\2 7 U ( 2 0 0 April 27, Heisei 1 3 (2001 . 4.27) 

1 . 4. 2 7) 



Patent 



(54) mmmm 
(51) mmmmm 

H01L 21/316 
C01B 33/00 
H01L 21/283 



(54)[TITLE OF THE INVENTION] 

Porous silica 

(51)[IPC INT. CL. 7] 

H01L 21/316 
C01B 33/00 
H01L 21/283 



21/768 

[FT] 

H01L 21/316 
C01B 33/00 
H01L 21/283 



21/768 
[Fl] 

H01L 21/316 
CO 1B 33/00 
H01L 21/283 



21/90 



21/90 



of' 



] 



[REQUEST FOR EXAMINATION] No 



11/8/2004 



1/42 



(C) DERWENT 



JP2001-118841-A 



TtHoivisoiSI 



Ml«©#;j 5 



9 



(21) mmmm 

WM\¥ 11-300720 



[NUMBER OF CLAIMS] 5 

[FORM OF APPLICATION] Electronic 

[NUMBER OF PAGES] 9 

(21)[APPLICATI0N NUMBER] 

Japanese Patent Application Heisei 11-300720 



(22) immm (22)[DATE OF FILING] 

1 1 ¥ 10/122 P (1 9 October 22, Heisei 11 (1999. 10 22) 

9 9. l o. 2 2) 



(71) [HMA] 



000000033 



(71)[PATENTEE/ASSIGNEE] 

[ID CODE] 

000000033 



2 # 6 Vy 



(72) [ill 



[f±lr^(±iS-/B] 



812 



[NAME OR APPELLATION] 

Asa hi kasei Corp. 

[ADDRESS OR DOMICILE] 



(72)[INVENTOR] 

[NAME OR APPELLATION] 

Hanabata Hiroyuki 

[ADDRESS OR DOMICILE] 



01 



(72) mmm 



(72)[INVENTOR] 



11/8/2004 



2/42 



(C) DERWENT 



JP2001-118841-A 



] 

mm mm 



imrnmmm 



mmmmmmm 



(74) imiA] 

100103436 

limit] 



l / ■ v ::i 

4G072 
4M104 
5F033 



[NAME OR APPELLATION] 

loka Takaaki 

[ADDRESS OR DOMICILE] 



(74)[AGENT] 

[ID CODE] 

100103436 

[PATENT ATTORNEY] 

[NAME OR APPELLATION] 

Takei Hideo (and 3 others) 

[THEME CODE (REFERENCE)] 

4G072 
4M104 
5F033 



5F058 

[F^-A (&•?*)] 
4G072 AA28 BB09 BB15 EE05 
EE07 FF09 GG01 HH30 JJ11 
JJ38 JJ47 KK01 LL06 LL11 
LL15 MM01 MM02 MM36 
NN21 PP17 RR05 RR12 TT30 
UU30 

4M104 EE14 HH09 

5F033 RR09 SS22 WW00 

WW02XX12XX23 



5F058 

[F TERM (REFERENCE)] 

4G072 AA28 BB09 BB15 EE05 EE07 FF09 
GG01 HH30 JJ11 JJ38 JJ47 KK01 LL06 LL11 
LL15 MM01 MM02 MM36 NN21 PP17 RR05 
RR12TT30UU30 
4M104 EE14 HH09 

5F033 RR09 SS22 WW00 WW02 XX 1 2 XX23 



11/8/2004 



3/42 



(C) DERWENT 



JP2001-118841-A THOMSON 



5F058 BA10 BA20 BC05 BC20 5F058 BA10 BA20 BC05 BC20 BF46 BH01 
BF46 BH01 BJ01 BJ02 BJ01 BJ02 

(57) [mm] (57)[ABSTRACT OF THE DISCLOSURE] 



1 [SUBJECT OF THE INVENTION] 

M.ffiMmMM ti -> It provides the porous silica thin film which was 

V :Jj M$&tWi1-Z>o excellent in the mechanical strength. 

[fm^m [PROBLEM TO BE SOLVED] 

mm."y y U (O^mm^ < The porous silica thin film to which the porosity 

C\ 'WlWi--)- / -9--\y-i of a porous silica is high, the diameter of a 

% 'Ch *) s & ij (cffifti porosity is nanometer size, and the organic 

M<D^m^ V ^-*tzliZ<DM polymer of a specific amount or its modified 

mmmMmmz ^m^mm substance remains in structure further. 



mmamm] [claims] 

WiX® l ] [CLAIM 1] 

y/u=i*ix^j ismmmft A porous silica thin film, which is a porous silica 
• BSlxI'&c X ") U -y thin film obtained by removing an organic 
y # k V k (Dfcfttf: polymer from the composite body of the silica 

and the organic polymer obtained by hydrolysis 
m%mmm»:mmmm>*> and the condensing reaction of alkoxysilanes, 

comprised such that the residual substance 
^mmmm smmmmmm derived from the organic matter in a silica is 3 to 

mvmmmmmmmmM 15 weight%. 

mmmV nmmmmm 30 to 80% of the porosity and the maximum 
tmm&mmmu m pore size are 50 nm or less. 



mmmm [claim 2] 

'$3im>4 0-7 0%tfc5 A porous silica thin film of Claim 1, in which a 

- h&Wtik 1 1r%> imm. 1 fcffi porosity is 40 to 70%. 
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\m$mm [claim 3] 

1 0 mW " A porous silica thin film of Claim 1 or 2, in which 

tmmmEmmmmmmmm 2 film thickness is 1 0 micrometer or less. 

iiliiliiiiiiil 

mmmm [claim 4] 

A multilayer-interconnection structure, which 

Mm^mWSB&M^U^MB includes two or more insulating layers and the 

BSm^m t:^. wiring formed on it, and comes to comprise at 

1 ~ a mWnmzm®<Dmi least 1 layer of this insulating layer porous silica 

mp mmmk -mm&%m& thin films in any one of Claim 1 -3 

5 ^tmmmmmmmm 



mm 0 



imBM 5 ] [CLAIM 5] 

Jmm^mmmmmmmmm The semiconductor element which includes the 
feSaLt^:|,iif|f o multilayer-interconnection structure of Claim 4. 

immm/mm] [DETAILED DESCRIPTION OF THE 

INVENTION] 



[ 9 0 Oi l ] [0001] 

illWlfli [TECHNICAL FIELD OF THE INVENTION] 

^mmm/mmmm^mm This invention relates to the porous silica thin 

m ^mmm^mmm^ film for insulated thin films, comprised such that 

~ C ZbimLA lZ^ in more detail, the thin hole of the porous silica 

ttWiia^ of a low density is uniform, and it is related with 

SittjiKIIiiifc the porous silica thin film for insulated thin films 

mmmmmmmmMmV which was remarkably excellent in 

lizmmmmmmmmmm adhesiveness and a mechanical strength, and 

®-° its use. 
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[0002] 



[$3fccOt£#j] [PRIOR ART] 

Wmmmmmmmm^MWm Since it has the outstanding properties, such as 
mf:mmmmmmmm%im lightweight and heat resistance, the porous 
l's ifiiuWk M'MW. M silica is broadly used for the charge of a 
Wmmmm^mmm^mm^ structural material, a catalyst carrier, optical 

mm^mmm^mMm^V material, etc. 

iailiti<|^i5; v For example, it attracts expectation from the 
•) MM bMtf&M #feS 0 L point of view that a porous silica can make a 
S I &HCbbt~f Z> dielectric constant low in recent years. 
(O %Wj $dBm#i MM (T)mBBm Generally as an insulated thin film raw material 
~M$b L T , % 'Wi'fc f,c v V for the multilayer-interconnection structures of 

fax # semiconductor elements including LSI, the silica 
Ac L/^LUm^ L S 1<0WM film precise formerly has been used. 
ffi&l$W0{£(£> : sM% tzt'^X However, the miniaturization of the wiring 
*d 9 , WBmm% ~ami:(Dm density of LSI is being enhanced and the 
WPmMffi®Mmmm^ distance during the wiring which it adjoins on a 
U V S 0 5 *lf W(DM base plate in connection with this is narrow in 

mm$ ffi* tsmmmmmm recent years. 

«*U :*.<omm»&MV In this case, if the dielectric constant of a 
XM^fi^mMfsW^mm^ connector insert is high, the electrostatic 
MWtti: 6 tz!b % flljji ttfiX capacitance during wiring will increase, and 
' * 5 ° : Z <7> X ^ tmmmmir since delay of the telegraph number transduced 
Mm;, ^MmMmmtmmm through wiring as a result becomes remarkable, 
MMfrWWEi Vm. MMmco k it has been a problem. 
Vmwmmtmmmx^ In order to solve such a problem, the lower 
So 1tlL\±<D*>y substance of a dielectric constant is stronalv 

ttmd^ft 1 -C h^QUtom called for as a raw material of the insulation film 
-uVtX*h %> ft'ib , is for multilayer-interconnection structures. 

U *^©4, 0~4. 5 m Here, since a dielectric constant is a composite 
WW® mmmmm :5 &bttX body with the air which is 1, a porous silica can 
m m^m^ m^V %mem reduce a dielectric constant more significantly 
mo)MT.i^ it»:Sr h^tm than a silica's own 4.0-4.5, and since it has 
^mm<)t£fflMM!im t L X t\ : . processability equivalent to a precise silica film, 
@ £*fCl/v3 o and heat resistance, it is observed as an ideal 
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[0 0 0 3] 

/Wit vmmmm 

X. fit 771/ a ^->v--7 >{t ft<fy) & 



[0003] 

Silica xerogel, silica aerogel, etc. are mentioned 
by the thing typical as a porous silica. 
These raw materials are manufactured by the 
sol-gel reaction. 

A sol-gel reaction is a reaction which the 
particles called sol change to solid-like gel by 
making into an intermediate the colloidal thing 
distributed into the liquid here. 
When for example, an alkoxysilane compound 
is used as materials in the case of a silica, it is 
the sol which the particles of the 
crosslinked-structure body obtained by the 
hydrolysis and a condensing reaction 
distributed to the solvent, furthermore, the state 
where it formed the solid network which 
particles performed hydrolysis and a 
condensing reaction and contained the solvent 
is gel. 

And if a solvent is removed from gel, it can 
Jft 9 £-5 1 mW* y hS>^ -t <D manufacture silica xerogel which shows the 
fyMBv tmM P tfM%%k%>r$ xerogel structure in which only the solid network 

-)••> y 1) vi ^VM^ilV-e^- remained. - 



[0 0 0 4] [0004] 

^ywmmmmmmmmm As an example of thin film formation of silica 

Mt LTfi s 7 -2 5 7 xerogel, it once prepares the applied liquid of 

9 1 8 >H\m:-m^<£tiXl^ the silica precursor which is sol as disclosed by 

£ j (c s 'Z^-ChZ-yy finlm Unexamined-Japanese-Patent No. 7-25791 8, it 

*<W«£ • n « U <M £ applies on a base plate by spray coating, 

'ffi $ x "/ v ~ -i r • -r ,f y '/ \ £ immersion coating, or a spin-coating 

^ j >y%. tzltx t°>=i succeedingly, thickness forms the thin film 

" " r -f > '#> < v ) 'WQxM\Z %4\i which is several microns or less. 
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U J?: £ x 'J n ^0,T</;gi And after gelatinizing this thin film and 

<5,, L"C. ~.<7)M consirierinn it as a cilira cili^-o u~ 



r/r^w ;) o 0 &r mm\< mmm considering it as a silica, silica xerogel will be 

wmmmmmmmmmmmm obtained if it dries. 

W$ Mfrnimmmmmmmm On the other hand, in the case of silica aerogel, 

MMW h h 5 „ • )j\ ■/ y -)) .-x. it differs from silica xerogel in that change the 

IWWilttS «IM solvent in a silica into a supercritical state, and it 

©ilfllllllEltll removes it. 

t^&^>y,#*:fe u V/u t & The point of view of preparing the applied liquid 

ft -5 #\ V'^-Qh Z>i/V?j )tm of the silica precursor which is sol is the same 

W0mmm%mm&% mm ^ V as that of silica xerogel. 

[0 0 0 5] [0005] 

£ mzM9m%^ : mmimmw Furthermore, as an example of formation of a 
mmMk LTv mm&m&m silica xerogel thin film, in US Patent 5807607 
0 7 ^ 0 7 VmmimMXWm and US Patent 5900879, when making into an 
IfoTtTi 5 9 0 0 8 7 9 £-ljr)!|il § applied liquid the silica precursor which is sol, it 
(IfiC- WmMmtymmMM controls the pore size of silica xerogel and 
& mm t Pi> U ; M<$m pore-size distribution which are obtained 
mtimmv mmmm passing through a subsequent gelling and 
^/irwM'dT^T^-ti-S ztK solvent removal by containing specific solvents, 
»Xv Wmm^m&mm such as a glycerol, in the solution at the time of 
KMc it 'ffi X Wf h ti 3 •> y # * -ir manufacture, the method of improving the 
^/mmmm^mmmmk mechanical strength of a porous substance is 

fflmt^mmmm&mim disclosed. 

mmmm^^mmmmm However, in this example, since the low 
&tm:m®o 3»L^: Zmm~e boiling-point solvent is used for the solvent, 
m, mmmmWMmmm^ removal of a solvent in case a hole is formed 
$mmm: mmmm&m takes place rapidly, it will not be able to follow in 
tmmmmmmmmm&m footsteps a part for the wall part which surround 
£ r. \ZW.\ : . L tz^'M\tit)[c.%\ L a hole to the. capillary tube power generated 
*, ^mvm<mmmmm there, but, as a result, contraction of a hole will 

^ (Dmmmmmmm take place. 
£ oT MM 5.. Zcotcib, Jltf Therefore, a hole is crushed. 
^Sntc. '0 ;: tl<D £h •<) ^ If a micro crack occurs around a hole and 
B ^7:^tIIi:y, :X aa external stress is applied here, this will work as 
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Mbbfj ft £t#*g t I I WftMM a concentrating point of view of stress. 

WM$WM LtflK WMWm Therefore, the problem that sufficient 

m^mmmmmmimmmm mechanical strength does not express has 

^BMftW^fMM^r^^o produced silica xerogel eventually 

mmmmmmxmm 



[0 0 0 6] 



-) t , wmmmt^mm 
ft m\ : & ?(?>mm®z 0 



10 0 0 7] 

mxM. -M?-4 - 2 8 T> 0 8 
1 



[0006] 

Although removal speed of a solvent can be 
made extremely late, since great time is needed 
for obtaining silica xerogel in this case, it 
produces a problem for productivity. 
The attempt which is going to make as late as 
possible removal of the fluid which uses an 
organic polymer for example, instead of a low 
boiling-point solvent, and is in the surroundings 
of a hole as a means to improve the problem in 
the above-mentioned low boiling-point solvent, 
and is going to mitigate capillary tube power 
occurs. 

When an organic polymer is used, there is also 
an advantage of it being necessary to control 
neither solvent volatilization speed nor 
atmosphere strictly etc. 

[0007] 

For example, it lets a specific organic polymer 



|£fe,:f*af^ exist in Unexamined-Japanese-Patent No. 



I'J vfc 



4-285081 together, performs the sol-gel 
mV^mzmmWZmMM reaction of an alkoxysilane in it, and once 

manufactures a silica gel / organic polymer 
composite body, it removes an organic polymer 
after that, the method of obtaining the porous 
silica which has a uniform pore size is 
# 5 jjVktf ffl;t<&nx V > 5 „. & disclosed. 

WS*|f?*ffi|i| aiso in Unexamined-Japanese-Patent No 
O 9 9/0 3 9 2 6»y7 5-85762 or a WO99/03926 public presentation 
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J: ft mmm mmm 



9 - 3 



i 5 8 i 2'^« -y y ^ 

So $4> t, ^H^p l 0 - 2 5 
3 5 ft-J^VflU *3 J; «|;f 

- 8 8 2 a 9 w&mt m , r & 



[0 0 08] 

b a > b mm Bv rtt 



pamphlet, an alkoxysilane / organic polymer 
mixture type to a dielectric constant is very low, 
the method of obtaining a porous substance 
with a uniform thin hole and good pore-size 
distribution is disclosed. 

Moreover, the example which tried the 
improvement of properties, such as the 
adhesiveness of an insulated thin film and a 
mechanical strength, is disclosed by 
Unexamined-Japanese-Patent No. 9-31 581 2 
using silica microparticles, the specific 
alkoxysilane, and the applied liquid that is made 
up of the hydrolyzate. 

Furthermore, after distributing organic 
polymeric microparticles and generating gel in 
the oligomer of the metal alkoxide which 
contains an alkoxysilane in 
Unexamined-Japanese-Patent No. 1 0-25359 
and the Japanese Patent Publication No. 
7-88239, it carries out baking processing 
removal of the organic polymeric microparticles, 
the method of obtaining the porous substance 
which controlled the thin hole system is also 
reported. 

[0008] 

However, the adhesive force it can be satisfied 
also with these methods of adhesive force 



mmmmmmmm^m^ practically, and a mechanical strength are in the 



¥ 9 - 1 6 9 8 4 5 



situation which does not express. 
Furthermore, let an organic trialkoxy silane be 
materials at Unexamined-Japanese-Patent No. 
%Wm m. mmmmmM® 9-169845, by control with the water amount and 
mmmzmmmmmmmm reaction temperature in the sol formation 
:»#m(&m mg<®m reaction, the attempt which is going to improve 
f!?L<fc ? btZ> the hardness of a bulk-like silica film and 
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ii^^vfc5o L/^U .ico^i?! adhesiveness occurs. 
Mxm^MMM&gWMM&U However, since only the high dielectric constant 
W$L '<¥- t£i/ y % W L"ri»#.£>'ti silica body is acquired with high density in this 
■f s £ £> ^M^'M'f/Mi 0) production but there is neither a pore size nor a 
$P < ?£\,WC\ concept of control of pore-size distribution 
mm<mmmmmmmm% further, it is very difficult to improve the 
fpjii £ U"o S <L'(ite<Vj>-CWf|"C adhesiveness and the mechanical strength of a 
h 6o i^¥ 8 - 2 9 9 5 2 -t porous substance. 

ftv #J— j£ T'fiWfi^H- The method of adding an organic polymer to the 
~& WM-]r Z> limp \'M>f £ fix V ^ Japanese Patent Publication No. 8-29952 by a 
mK ^ik(DmM:M^jrm homogeneous system is disclosed. 

Z<DX\ Z.o> ftl' il V However, an inside system carries out phase 
•/ itu >^ mm L/j>|;j- separation at the time of a gelling, therefore, in 

^.mmmm'f- this case, only the hole of a submicron order is 
Wmmmmmmmmimmm obtained but the expression of mechanical 
fc 5 ° strength as expected sufficient also in this case 

is difficult. 

[0 0 0 9] [0009] 

^ It adds metal oxides other than a silica, the 

t T , mimmmwmtj: £' attempt which is going to improve ' the 
% £ o £.f€Mlil) mechanical strength of a porous substance etc. 
5o OT¥7 - l 8 5 3 0 6# occurs. 

ir.il, r yt. n ,v- •> ■> y i In Unexamined-Japanese-Patent No. 7-185306, 
&mj,9V(D®Mr jv^*'/ K, it obtains Allco gel by metal alkoxides other than 
/N p ^>\tmo)Mmm^^ an alkoxysilane and silicon, and hydrolysis of a 
r-^^^^^m^^g' halogenated thing, subsequently by the 
m^^m^m^MBmMm manufacturing method which carries out the 
##ilSili|i;|-.i supercritical drying of the generation Allco gel, 
Wmmmmmmmmmm and obtains aerogel, the method of improving 
h MBM \M 7>< £ % Xi ^ 0 La) > the moisture resistance and mechanical 
t v C (O £5% is V fr miV fe strength is disclosed. 

iT^a^^Fv /vtf^ii However, since these materials and/or 
V v fei^h £3$ ^©ilfi hydrolysis and condensates were lacking in the 
IttiymmMQWm - mmm solubility in a sol-gel reaction when metal 
®y^-mmmmmmMm alkoxides other than such a silica and a 
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15 WA" halogenated thing are used, the inside system 
l^iSiiiiSll^rfi became the slurry which is made up of particles 
Wmmmmmmmmmmmm of a large particle size. 
-fZWiij-tyfoV, VvftiMLT A deposit may generate. 

^T- i^J 'i^t } f/v L /; >|S} WMsM V \ Anyway only heterogeneous gel is obtained. 
Mmmm. mmmmmmm-' As a result, it is not suitable as an object for 
WmmmBmmmmmm insulation film for the similar reason as the case 
MlMX\ mmm.k LXM£ & where it adds the above-mentioned organic 
V v o J^..ht0HBj>lict <0 ty] h frtj: <fc polymer microparticles. 
§ fev ^a»; The' insulated thin film for the 

mmmmmmm^ mmm multilayer-interconnection structures of a 

semiconductor element with a low dielectric 
!(:tfl}iotiT^4 x ^o/i 0 constant, and adhesive force and a mechanical 

strength clearly higher than the above 
description was not obtained. 

I 0 0 1 0 ] [0010] 

[%W L J: y 1 1:&M [PROBLEM TO BE SOLVED BY THE 
I INVENTION] 

mmm, mmmmimrz This invention solves the above-mentioned 
k<DVhoX, ^m."y V li.V problem, comprised such that the dielectric 
^mmmmmmm^ mm) constant of a porous silica-gel thin film is low, 
8 A 41 & ® 5 0 n m U F 'C h and the maximum pore size of a porosity is 50 

*). fttfjJthi: Wmmmmmm nm or less. 

mmmm^mmmmmm It provides the porous silica thin film for 
mmp'mmmmmmm insulated thin films which was remarkably 

excellent in adhesive force and a mechanical 

strength. 

[001 I ] [0011] 



■B&mmmmm [means to solve the problem] 

±m<D\imti£ftm-i--<< , * The present inventors repeated earnest 

m\m^mmmm%mzfm examination that it should solve the 

m:mmff>mmmmmmm above-mentioned problem. 
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t¥. > ]) % fflS&Zte V v ir , 3??L 1J- As a result, in the porous silica thin film which 
1 Mmm ^ # mmm has a specific porosity, porosity size has the thin 
llfc^llMiij;:! hole of nanometer size, and it discovers further 
mmmmmwmmmmmm that the insulation-film material which was 
■£<Vik'¥ffimZfit Z> ft mtf y remarkably excellent at adhesive force or a 
-v- *M X /tltsi> V |lj mechanical strength is obtained by carrying out 
mmmmmmmmmMmm specific-amount content of the modification 
S £ t ^ organic matter derived from the organic polymer 

lz$f L < {Mtifz^ihUMU$\-^Wf which has specific chemistry structure in the 
Btl>6 : Z t liilviiil degree which does not impair a dielectric 
yc/jjc'I'Sic^fcofeo constant in structure, and/or a polymer, it came 

MMm &t&m 3 0 -v 8 to complete this invention. 
0 %o>mMft bm-imtm Therefore, it has 30 to 80% of porosity and a 
< % w:X~fl&fc5 0 nmUft dielectric constant is low, the maximum pore 
~l)'mm%mmm«^mmm> size is 50 nm or less, and the thin hole 
mmmmmmmmmmm distribution of objective of the invention is 
Wm^Mmmmm^Wm narrow, and it is providing the insulation-film 
5 " i:|-,ib<5 0 material which was remarkably excellent in 

adhesive force or a mechanical strength, and its 
use. 

[0 0 12] [0012] 

mmm±mm&W£®®mm The above of this invention and many other 
KMsWmmmmmmmm, purposes, many properties, and many profits 
mmmmmmmmmmmm become as is evident from the detailed 

m WWmmtmm explanation which it describes below. 
%\z.f6tMc^ A±mW))lfc In order to make an understanding of this 
mmmsxmmmmmm invention easy, it enumerates many 
nm-f 6 0 fundamental characteristics and the desirable 

1 • T ' v ^ *^M%ym<D))m aspects of this invention . 
ftmmmmmmmmm 1. It is a porous silica thin film obtained by 
^ttMii^iiiii removing an organic polymer from the 
» composite body of the silica and the organic 

m^Zmmmwmmtm polymer obtained by hydrolysis and the 
ot,.^Mt|f ^_| condensing reaction of alkoxysilanes 
mmmmim ~l mmmm comprised such that the residual substance 
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£> !K (Qgtll^fr 3 0 — 8 derived from the organic polymer in gel is 3 to 

0%, ifckJIM.fr 5 0 n mUr 15weight%. 

Wmmmwmm^mmm 30 to 80% of the porosity and the maximum 

is V W i$0 o pore size are 50 nm or less. 

2 . W®&m 4 0 ~ 7 0 %:?h The porous silica thin film characterized by the 

£ C t %. 4-Ht <L- i • <3 life 1 . U) above-mentioned. 

WB&y 3 UMBo 2. A porosity is 40 to 70%. 

3 . IIJ?^ 1 O /x m^T~Cfe><5 The porous silica thin film of said 1. 
£ £ & %fM k& '4> miit 1 i M tz characterized by the above-mentioned. 

fi 2 . <D0mm^K^mm o 3. Film thickness is 1 0 micrometer or less. 

The porous silica thin film of said 1. 
characterized by the above-mentioned, or 2. 

4 • ^^®>MMWiM j; (/> [• 4 | nc | uc |e two or more insulating layers and the 
U'Bl&Zh fcill-fj^ftfvL , %% wiring formed on it, it comes to comprise at 
M : ^>^< £ % 1 SPstf IE least 1 layer of this insulating layer porous silica 

1 . -3. (n^m.'y^) jy^-Wi thin films of said 1.-3. 

mmmmmtm The multilayer-interconnection structure 

t-tZ #g j^fgH iii iK characterized by the above-mentioned. 

5. fi|'ti'B4. WMLO^M^M^ 5. Semiconductor element which includes 

f& £ I'i ijTL C 4 s 6 % 4;'/: $ ii multilayer-interconnection structure of said four 

~f'o publications. 

10 0 13] [0013] 

%MMz.MW3~& a Hereafter, it explains this invention in detail. 

i'.'k ^mm^^OUi^Cjh^iy In addition, with the silica used in this 

] J:Jj}:l±, MMMMB (S iO specification, what is expressed in following 

2 ) m&W^MM UcH>Utyk% Structural formula which has a hydrocarbon and 

^TkMM^MMW&^ftffim^ a hydrogen atom on silicon as a silicon oxide 

mmm<m><m^m (Si0 2 ) is included. 

R 1 x My S i 0 (2 . (x+y)/2) R 1 x H y SiO (2 -( X+y )/2) 

(j04\ R ItfflMM 1 ~ 8 50 (In the Formula, r 1 expresses a C1-8 linear, 

fti^Jj <fc O'iirt :|X 7 >v branch and a cycloalkyl group, or an aryl group, 

*7t(iT U-/^^^ 0 IS_LESS_THAN_OR_EQUAL_TO x 

U 0^x^2, yteOSfcte IS_LESS_THAN_OR_EQUAL_TO 2 and y 

J £r-&T c ) express 0 or 1 . 
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Mmmxmwmmmm^m 

M lit- co £H$( > £ f 3 0 -8 The characteristics of the porous silica thin film 

0 %oy£j{,4i%ft-f-6 ZtXh obtained by this invention are having 30 to 80% 

3 b of porosity first. 

mmmm mm-m ommrn The porosity to which the effect of this invention 

So -y D ~ts V){k-fW&ltZ.i>{&fc becomes more remarkable is 40 to 70%. 

It is dependent also on the chemistry structure 

h ztimmmmm < m wm of a snica. 

t\ ifcMvUWi t \ , XM £ ti l- \ However, a dielectric constant becomes higher 
mc^ilLW 8 0 %&mx.& t that a porosity is 30 % or less too much, and it is 
Sf^^iIKiSlII#^ not suitable as an insulated thin film. 

Conversely, if a porosity exceeds 80%, neither 
adhesive force nor a mechanical strength will 
reach a practical use level. 



[00 1 4 ] [0014] 

4ffl$&P, y -Jj oyMMM^MM In order to raise the mechanical strength and 

1l%A-Ji~6tztf>K\-X s Wf®$fc adhesive force of a porous silica, it is important 

mm>mm%mmmmm: to control the size of a hole peculiar to a porous 

lukMMi' 5 ZtMl^MWfo substance and pore-size distribution. 

5„ — IS! fc^*L#'f« ft ?L If a major hole generally exists in a porous 

fp Z> t\ ^<DU$HHlJj substance, the portion will work as a deficient 

<VMi<\>- <) >:> £ ') Xftlti b VX point of view which stress concentrates. 

liv *X. L£ 5 mm, mmmm Therefore, a high mechanical strength does not 

Mmmmzmm^mmm^ express. 

xm ^mmm^mmM Depending on the case, it is connected from 

generating of a micro crack to destruction of the 
Wt. L i^&Siliil structure itself, and is not desirable. 
nmmmx^Wmm^^ Various causes which can do the porosity of 
h % -a h fri &#l . $M en ± £ ft such a large pore diameter are considered. 
SM»\±tMMft L CYMt b/c However, when the major sol of particle 
Wfe&s. U '& 0) H ft 3 Um \u] ± diameter gathered and gelatinized, or when the 
oT ¥jm&Wmm^ sol from which particle diameter differs gathers 
tt^ ^/wl&fF [B] and gelatinizes, the clearance between sol 
t J£ t 9A >J --j"V \ Ciuici-j L-X^ particles tends to constitute a sky hole. 
mmmmmm^mmv On the other hand, since in the case of the 
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porous silica-gel thin film of this invention the 
diameter of a sol particle is small and uniform, it 
can perform closest packing-ization and only 
the thin hole whose maximum pore size is 50 
nm or less exists in a porous substance. 
Therefore, structure top stress is distributed, 
therefore, a high mechanical strength is not 
impaired. 

When raising a mechanical strength, structure 
strengthening of a porous-substance gel 
skeleton is mentioned to an important thing like 
control of a pore size. 

According to the documents "Sol-Gel Science 
(C. J.Brinker & GW.Scherer work, Academic 
Press, 1 990 issue)", it is said that the skeleton 
intensity of a silica gel is greatly influenced by 
the joint intensity of the sol particles which are 
the structural unit of gel. 



[001 5] [0015] 

# ?L f-fc iz ]) 'Jb ffi 1? In the porous silica thin film of this invention, the 
flt5g$» 0)4\^-,}i y organic polymer content in structure is 3 to 15 



li3«5ll?ifit Y f| weight%. 



iilitilfSrll High adhesive force and the expression of a 

MM Mmmmmmmmm^m high mechanical strength are attained without 

MWM^^SmWt&^^MMMB impairing the whole dielectric constant. 

mMmmmmmmmmmm About the reason a high mechanical strength 

mm^mm^mmmmm expresses, it is not clear. 

<L->Ky -t However, what has reinforced the connection 

between silica-sol particles by the direct 

« m ffigffl -e </> ?k$-!r7 ft m X chemical bond of a silica terminal group and a 



m 

CO 



ft im r:i 



iiWliilfi polymer, the hydrogen bond between both, or 
o Tli bmm&%<D the physical entanglement is presumed. 

By using the polymer which has specific 
©llllilllfls'^l chemistry structure, this effect is not impaired 
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V ^ ^ i (c J; o X\ -MiE'-f* 5 under the high temperature of 300 - 500 

J: 9 ft 3 0 0 ~ 5 0 0 °C £ V^o degrees C which is mentioned later. 

tusM&TX* i->W£fc>ti%> Z. b The upper reinforcement effect does not 

Wmm^J^mmmmmm express that the amount of polymers in a thin 

SSiSmiiilii film is 3 weight% or less. 

^8M«Ii&%lB Conversely, if it exceeds 15 weight.%, a 

5 H h\% x. 3 <L\ dielectric constant will become higher, 

i£i< &3<zre\ K»M«<»r LX therefore, it is not suitable as an insulated thin 

mmmmmm m film. 

WMm®mmmmm0mMm It explains the characteristics of the porous 
^Zm. ^mt ltX:, silica thin film of this invention in full detail by 

• > L O) f .'il5 0 OOJI" the item of an Example. 
5BSftS8£< y u- • h AC^r-fj- «j- However, the fragment end of a molecular 
S«:&f^|i^ K j weight 500 uses as an example 
* v ~ h &ffl*K 4 2 polyethyleneglycol monomethacrylate which 

5 "e-e^^GO/ts* y -v — has a methacrylate group as an organic 
L>XffibtitcW.& 1 ix m(7)# polymer, the porosity of the porous silica thin 

mmwmmmm. -mmmm film which was obtained by removing most 
3%Vlt^\&W2. \\ likk polymers at 425 degrees C and whose 

?L@^ 2 . 9 nmX\ HI]}-?-- thickness is 1 micrometer is at 53%. 

Bfti&fA 5 . 2li^|^- A dielectric constant is 2.1, the maximum pore 

£ smiO W&ms<0 size is 2.9 nm, the polymer residual amount was 

MPa m%MX5 OMPa g* 5.2 weight%. 

±) "C<foo/c c Furthermore, the tensile strength was 50 Mpa 

(adhesive force is 50 Mpa above). 

[0016] [0016] 

mmmmm;mmm?mW Next, the example of the production of the 

Wm<^M&m^m^m^ 0 porous silica thin film which is this invention is 

£T> #38U Km vrjSv>£.£ shown. 

t i>*£% ZT/Ut, v j yr f) First, it is as a detailed example of the 

&mwmt Lttt, -7 V y / alkoxysilano which can be used in this 

h -V- ->->-7 -r h v -c h % -> invention, a tetra methoxysilane, a tetra 

^7W : t^ : :$tt*ilf| ethoxysilane, a tetra (n- propoxy) silane, a tetra 

i/y > % -r h 7 ( i - -fu (i- propoxy) silane, a tetra (n- butoxy) silane, a 

tfWr ^ (n- tetra (t- butoxy) silane, a trimethoxysilane, a 
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h-V-v) :X ; 7>\ fk; ( l triethoxysilane, a methyl trimethoxysilane, a 

--/ bWt*) «>v^ s h y / |- methyl triethoxysilane, a phenyl 

3r->^y X, h V ^b^i/i/y trimethoxysilane, a phenyl triethoxysilane, a 

^ > ^ MM ^^VyV, dimethyl dimethoxysilane, a dimethyl 

^f-/H^:n^>>V7y, 7 diethoxysilane, a diphenyl dimethoxysilane, a 

3!il ^ iWmmmm^m diphenyl diethoxysilane, bis (trimethoxysilyl) 

h y .-x > dr ~> > x >\ v 5 methane, bis (triethoxysilyl) methane, the 

mm?m^Wi*mrXvM?i 1,2-bis (trimethoxysilyl) ethane, the 1,2-bis 

±# v^.-r. h df- •> 7 V, vM ^ (triethoxysilyl) ethane, 1,4-bis (trimethoxysilyl) 

=Lj\,&* bXi/fyy^ Vy-jr. benzene, 1,4-bis (triethoxysilyl) benzene, etc. 

. -- A •>-->:/ >\ h" x ( f> are mentioned. 

y / l^v^y/i) A-'/y s \f Among these, a tetra methoxysilane, a tetra 

x ( h y ^ h df- -> y ; u) ^ ethoxysilane, . a trimethoxysilane, a 

^ 1 , 2 f x. ( h y / M- triethoxysilane, a methyl trimethoxysilane, a 

y») methyl" triethoxysilane, a dimethyl 

X ( N y .-n h rV -> y -r. y dimethoxysilane, and a dimethyl diethoxysilane 

^ 1 - 4 — ( N I 1 / h A- are especially preferable. 

v-jx y ;V) 1 ... 4 - It is good also considering the partial hydrolysis 

t? x ( K y b -\- ;u) s< thing of alkoxysilanes as materials. 

>'H >' & i? $ ^ I f i. /) „ r. go It is sufficient to use these independently it 

'V-CiA.'HUif :}, Li/^)//;-'/- [- y does not interfere, even if it mixes 2 or more 

* b A- •> •> y>\ •> h yx |> -V- types. 

k y / hA-->->x>-, 

y -e h df- v>v-^ >\ b 
V * b^-i/i/y^, *=f-)vb V 

u y ymo^yMu-A'Mm^m 

10 0 17] [0017] 

£ ■& lis f feM^^ # y 5/ k Furthermore, in order to modify the hybrid body 
WmmmMm *mm& thin film and porous silica thin film which are 
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2~3flsi,y;)/K.;^ % wm&$m& 

i±r 'j - - 

^ ^ > « h y y ;n --i /ixie h df- 

h-A >'>-7 V, v .-. /l- >" ^ •/• 
} -"A- :> >• y >\ >'-;/,,. 

-VU ^ "J /I'M-. > 3f- V V y > ft f 

5% 8 : o m/^%mmt^ 

<5o 



obtained, it can also mix the alkoxysilane which 
has two to three hydrogen, an alkyl group, or an 
aryl group on a silicon atom in the 
above-mentioned alkoxysilanes. 
For example, a trimethyl methoxysilane, a 
trimethyl ethoxysilane, a triphenyl 
methoxysilane, a triphenyl ethoxysilane, a 
phenyl dimethyl methoxysilane, a phenyl 
dimethyl ethoxysilane, a diphenyl methyl 
methoxysilane, a diphenyl methyl ethoxysilane, 
etc. are mentioned. 

The quantity to mix becomes 80 mol % or less 
of the total number-of-moles of materials 
alkoxysilanes. 

It may not gelatinize, if it exceeds 80 mol %. 



[0018] 



l&O 1 8 J 

mmmim&mmmmmm As an organic polymer contained in the 
tiZ>t\ B. V~'-k L X It ; •> composition in this invention, a compatibility 
VWmt^mmmmmmm with a silica-sol can be moderately good, and 

mx, %^m*£BM&mmi can swell gel. 

»e««tlffl Furthermore, the polymer 

^Mm^MM^mmmmmm discompose-removing or vaporization removal 
£ % ItWiikmi £ 'H^MYW y tends to be moderately carried out by heating of 
^W:lt'fe5 0 S-ftKiitfQS which is mentioned later is suitable. 

7-i lXlt ,lT^ The fatty series polymer the fatty scries polymer 



mmm cm^mmmmm which has at least 1 polymerization functional 



/K y ^-^-^ group in the molecule, and whose terminal 

m®mmmm®mmmm:* group are hydroxy! groups as a polymer 

^&m$ hh.6., Mmmmm applicable to this is mentioned. 

ti ZMmm&tmW&ft As a more preferable example of the polymer by 
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tc M V -?—<?) X. '<) W W. LV> $| t which the degree removed by heating was 

L/C(i, Wi) m WSMMMii. controlled moderately, the fatty series polymer 

< t % rotf)flifr HjTffift^flig which has at least 1 functional group which can 

&4i1~6}\\Wi)Mtf 'I polymerize is mentioned to polymer 

%%VM UMiW09. mmmmm intramolecular. 

VmWmimmmMmmmm In this polymer, it forms 3-dimensional 

/ H£1€$k ? 77 TWXa & Mr& meshes-of-a-net structure and/or grafting 

U ;^VJJ k WWm^MB^'O structure into a silica, the physical entanglement 

M V sb D \ . with a silica became firm. 

•> V :>j MWi t ^>i\v7'4ii n i}i It f J: Or it is no longer removed by heating by a 

MMM--M\z. ,1; o T M\ft\{,'. ,L -:> C chemical bond or a hydrogen bond with a silica 

ll«f<;ig -i il end. 

>K y v - co Jifi -h \ § <o g| on the other hand, the main strand of an 

MM^y v---e&£c/)-c\ !n« organic polymer is the fatty series polymer of 

l^^ w^)^/jvji7A : (>i/<7 >^ cS easy decomposability, therefore, both effect 

#7Lt£ >' y $ y$ balances moderately eventually eventually it 

)l£ [H I ' ; iiH /.I f 'J v - - • • {if, J: remains as the part or heating strange organism 

tc it M B *.fy)b L 'C M ft- 1 of an organic polymer in a porous silica thin film. 

[0019] [0019] 

Mm "f if& ti Vi'fig £ L'Crt, t' Asa functional group which can polymerize, a 
stf> telf^lvli-i/ vinyl group, a vinylidene group, a vinylene 
>-fiv> ^' y v^/l^v group, the glycidyl group, an ally! group, an 

7 $ y l>— h W^ W y fr- acrylate group, a methacrylate group, an 
Ktt, 7'^/ y/L 7' Ki.t, acrylamide group, the methacrylamide group, a 

£ JJ ywr 5 KS, ^'/M?*^ carboxyl group, a hydroxyl group, an isocyanate 
AC-, I-' p --Y- WMM, < y ->7' group, an amino group, an imino group, a 

I- it, T x ; &s 4 % JM\ halogen group, etc. are mentioned. 
;\n // y ij§ tty't % IS !f hiv 6 0 These functional groups may be in the main 
£ ti h vytiffc&liitf y coife strand of a polymer, may be in an end, or may 
M ' t> t£ $3 0 T itgffi ic -a "C t. be in a side strand. 

Willi it', h X' f> «£* \, :fe A- < >j? Moreover, it is sufficient to connect with the 
y -s^MilcU^&LXV^Xk polymer chain directly and may connect 
H ; V.v : l>.v Y >v\- u-y j,i;- 1 v>:.r.— >• together through spacers, such as the alkylene 
' ' & % m -y— £ x" group and an ether group. 
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In i> L "C t ~> T t> J: V \, [Wl — (/) /J" Even if the same polymer molecule has the 

V^~ti&W<l WM<®$M^% functional group of a 1 type, it is sufficient to 

# L T "C f > , 2 MMB ± co'n" have the 2 type or more types of functional 

Wk&fi L C V v c ij J; v | group. 

Lfe'lf H^JtcO'f-ei), h'^/kSs A vinyl group, a hydroxy I group, a vinylidene 

1:1; y fy &, group, a vinylene group, the glycidyl group, an 

t?^- i>V3£C W S/^g* T allyl group, an acrylate group, a methacrylate 

Vs^M, ^f^^fl; group, an acrylamide group, and the 

# ■ y : %iv X * y 5; K methacrylamide group are suitably used among 
m<. m# VWrm ^mmtm said functional group. 

10 0 2 0] [0020] 

U h\ ^Wi-Ckf'M^ni^'hn It gives the example of the polymer hereafter 

& M y -v — £> Jl- ffc 0!l £ 7j§ } f 5 used suitably by this invention. 

.1 co ifi -er yi, ,\-- u- i/7 /i, ,\-- However, the alkylene alkylene glycol refers to 

u v '/ y :n - -jv }■ rtfcMW 2 the dihydric alcohol obtained by each replacing 

b. co 7' jvjj XD\rt\ -hxM^~f- \; two hydrogen atoms which it has not connected 

fe fA O L X" l / f : V ^ 2 f|A| co /R Jjj{ on the same carbon atom of a C2 or more 

iif^iiiilillillC alkane by a hydroxyl group in this. 

f#ibti/3 W^WMWm&M (Meta) 

5fc ( ^ ^ ) T ^ y t>— K £ fit;* An acrylate refers to both a methacrylate and an 

% y 1/ - b £ y u- • hco acrylate. 

^7 IB o ish\c s i/Jjju m Furthermore, dicarboxylic acid refers to the 

yf$tl*m%. -?n>2^ 3 /n organic acid which has two carboxyl groups, 

#m< '/VK^/Hft Ti/\f>m, such as oxalic acid, malonic acid, a succinic 

WM;V >t&, acid, glutaric acid, adipic acid, pimelic acid, 

mmmmmwmmmmm suberic acid, an azelaic acid, and a sebacic 

mmwmmmmmmm acid. 

kinto M»Z\z.y <? y As the example of a fatty series polyether which 

, t $ ? }) l/— h,1C, has in an end functional groups which can 

v ? W^^\sMMbW^£&M polymerize, such as an acrylate group, a 

Wl'tiWkk f> -SfgflHistf y -r. methacrylate group, a vinyl group, and the 

—r/wmm t UCtt, * y glycidyl group, a polyalkylene-glycol 

ViV&V&m Axm (meth)acrylate, the polyalkylene 

7* y u~ K ^'JWUV glycoldi(meth)acrylate, polyalkylene-glycol 
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::V : >?:;:i"£::;:;:#^^^^ 



P!? «I1 alkyl-ether (meth)acrylate, polyalkylene-glycol 

— b \ W y T/u-V vy'f !J n - • vinyl ether, polyalkylene-glycol divinyl ether, 

;VT )V-* i\>3^—=r )\, (/ V) T polyalkylene-glycol alkyl-ether vinyl ether, a 

% y 1-- ■ k >K'y y^A- WMM- polyalkylene-glycol • glycidyl ether, a 

mm^mmMmmmw : :MM polyalkylene-glycol diglycidyl ether, a 

T A--x yy/ 0 u* ~;Ui/l?;-/u polyalkylene-glycol alkyl-ether glycidyl ether, 

•u--> vK % y /'A-A- u>-y- y etc. are mentioned. 

-r--vvu\ /j-'y L- >- y" y 

y 7' /I- -V- 1'' y '# 'J :n - A y % 1) 

v'^/L -i-- : $ y 7' /t># i/ 

> i^" y : / - -A-7VL- -\VU.-r.- • vvU 



[002 1] [0021] 

) l cM'jli!ih § </ ^;tffi^<ffi{,: y v y As the example of a polycaprolactone which 

i>> - kl,k ^ ^ y iy ; - hJ,k has functional groups which can polymerize, 

B=.;PMs .^^Sf©l such as an acrylate group, a methacrylate 

^Wtl&#tlS;& t, '-»]< y # / group, a vinyl group, and the glycidyl group, in a 

b-f b > 0) M t LTfi; /J< y fragment end or both ends, a polycaprolactone 

hy (^y) r^ij (meth)acrylate, polycaprolactone vinyl ether, a 

k >tf y # 7 ^ ki* f polycaprolactone glycidyl ether, 

;u;c — -j- ;u s y yj -/ u y >/ polycaprolactone vinyl ester, polycaprolactone 

h y '/ y y y\>v -u * • -y A ; ;K 9 glycidyl ester, a polycaprolactone vinyl-ester 

y/ -/ \iy by i-y - /p;r. x -y (meth)acrylate, a polycaprolactone glycidyl 

/t-v #!/ M^iyf ^ hy^/y y ester (meth)a cry late, polycaprolactone 

y/u.-i.xy./K /j; y y/ y"p y t> vinyl-ester vinyl ether, polycaprolactone glycidyl 

V y &-&$>m x -y /i- (y%) 7' ester vinyl ether, a polycaprolactone vinyl-ester 

^y i>— K XV %yuy? b glycidyl ether, a polycaprolactone glycidyl ester 

y % y •> ^/I'.T. x -7- ^ (,^r50 glycidyl ether, etc. are mentioned. 

m w y ; i> - y mm% 7 m w # 

b y b' - XyvU K'.-/H^- 

9vK >Ky y^ /uy^ i->y y 

V- VVW ft x -7" /l^ f — JV .n — -7- 
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wmwmm 



[0 0 2 2] [0022] 

)\ M'Ainh Z> I/ ^iiAj'^i/rtlicr >J y As an example of the fatty series polyester 
U—hM, Wj U is— hM, which has functional groups which can 
t" & £ , f U i/ i?WM & if co polymerize, such as an acrylate group, a 
H -n "THu^'B'Hg^Sr ^ <>}\u&jBi methacrylate group, a vinyl group, and the 
7f° ] ) =zx c r/\s(Dfflk L X 'i'X , *K glycidyl group, in a fragment end or both ends, 
y # 7 h -7 £ h V V V the polymer of the (meth)acrylate of a 

(J f) -f V f^-h, -0 polycaprolactone triol, a di(meth)acrylate, a tri 
*) V u— K (meth)acrylate, vinyl ether, divinyl ether, trivinyl 

T-# y K fr_/i^.^--ir/i^ > ether, a glycidyl ether, a diglycidyl ether, 
iP\f--.^nu—j- ; u, f> y \f~-;V triglycidyl ether, dicarboxylic acid, and the 
^— tvK ^ y ;^*Sfif^ alkylene glycol is mentioned, it is the polymer of 
1/ V y *s i$/Ux. — 7 /K h y the fatty series polyalkylene carbonate which 
y i/iy/v^- ■ 1 rA^>2?j>>u.i$is has functional groups which can polymerize, 
mi: V';i --X-i/y </y r, -;ut0) such as an acrylate group, a methacrylate 
M&Wfif^&bMi )YMVZ<yj& group, a vinyl group, and the glycidyl group, in a 
^^'ul\HM.!iZ\c r 'y !/ u- hi, fragment end or both ends, or the dicarboxylic 
/ y u- h)%^ K.-./i,^ acid anhydride. 

2/ y W^mm © m fV "T h£ 8 fi* The fatty series polyanthus hydride which has in 
IM1) : oJaiif IJf^^ V an end functional groups which can polymerize, 
y % - - ffi * — K' W -J) WW such as an acrylate group, a methacrylate 
Myk'VomiLtrfrX'h <9 ; group, a vinyl group, and the glycidyl group, is 

yy y u- - hi^ / ^^i/. - contained. 

>K y r 4 K y 4 K % 



[0 0 2 3] 



[0023] 

In these polymers, polyethylene leg recall 
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t&Ml'Cfflb: > 6? fa&My^r^b I* monomcthacrylate, a polyethyleneglycol 

~t fi , M 9 a* u V \) rj -- -t- dimethacrylate, polypropylene glycol 

/^^"J i^--K M y "i-/- u monomethacrylate, a polypropylene glycol-di 

>' M y : i — /i. > ; /• y i' y u - - methacrylate, polyethylene adipate 

K /Ky 7°u t°l/>-^'y n— /ix monomethacrylate, polyethylene carbonate 

-'£- / ^ y ^ y u— h ! ;K y p monomethacrylate, etc. are mentioned as a 

tuy-yj ? y u polymer used especially suitably. 

— K tf? !J :!-.-/• v vr i/s<— f- Furthermore, a polymer terminal group is 

$ >) u— K ;K y -r.f- suitable also for the fatty series polymer which 

?MM~ - / / // y is a hydroxyl group, 

h ^^^^{-/fjttSo As an example of a fatty series polyether, it can 

MW^^MMMMt #ja:^#/i> mention the alkylene glycols, such as 

It "C ;fo <£> )!□ 4 ° y — 1> £F 3§ polyethyleneglycol, polypropylene glycol, a 

C&> £ 0 M'jJ&>Jv y >• /u© polytrimethylene glycol, the polytetramethylene 

m t L 'C fi , >K 'J -/• u ^ ^' y glycol, polypenta methylene glycol, 

^"'K ^ y y'u h'V^y'y n polyhexamethylene glycol, a poly dioxolane-, 

— y h y ^ v^/^?? and a poly dioxepane. 

a — /K >Ky ^ >-// / f 

y =»-^/k ^ t i-s w& * f- 1> > 
^ y -j' y my?^, 

[0 0 2 1] [0024] 

)!□ Jl/j A£ y --c ^. r /t- CO $J t LT As the example of fatty series polyester, 

it, >K y y' y .-J y |-\ >j? y y/:/ hydroxycarboxylic-acid polycondensates, such 

vy's h >^y X/y'p y y h as a poly glycolide, a polycaprolactone, a 

^ y -A—iv, M y bV < p y y polycaprolactone chiliol, and a poly 

hP'm^nmwmm^mMmm pivalolactone 

©Ii#i^y^:|y©lii The polycondensate of dicarboxylic acid, such 

"n^>> $o£tfy$}) ^^uyttq- as the ring-opening polymer of lactone and a 

•y- v— K ,-}? y - u-^t, // ~ y polyethylene oxalate, a polyethylene succinate, 

•f-- - • K /J ' y m -/- u- > 7' • a polyethylene adipate, a polyethylene 

I s > >K y -'- I* i& V-^ >r •:- N , sebacate, a polypropylene adipate, and the 
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■ '■' ■'..H.'-'-S : • • ' : - ■ .^». /'....''^ r.;...i;-:.'' : : : ':'r: : ::: : ; ::::-i:i;:;.-ftv' 

IfPBtfetifiiiil polyoxy diethylene adipate, and the alkylene 

WWmMmMmmm^m^&m glycol, and fatty series polyester whose terminal 

WW i>fjjvv£yffc t WWM y y group is a hydroxyl group in the ring-opening 

V y zi ;i- £ 0) ft h copolymer of an epoxide- and an acid 

mmmmmmwm&mmm anhydride is mentioned, 

iiilif li^I^l II As an example of a fatty series polycarbonate, 
-V- §?MM C h '6 MMM M polycarbonates, such as a polyethylene 

7-^?fi>'filfhilZ) n WWMM l> carbonate, a polypropylene carbonate, a 

-J j — $ % — h © W i L'CIl # polypenta methylene carbonate, and a 

Jjxf/y^- y)i ^ — k s 7 j? y polyhexamethylene carbonate, are mentioned. 
'/ 1 ' I:' i-y jj- h >l'< y 

h ^ © >Ky K^#rf 

[0 0 2 5] [0025] 

Bfflj&i 'M V T >s^4 K 9 'f K CO As an example of a fatty series polyanthus 

f^Ji.- I.'C(..I:, ;KiJvri;./i/^:^ hydride, the polycondensate of dicarboxylic 

-y V\ 'f-y <}'<'< /i'-A'-\--y H\ acid, such as a poly malonyl oxide, a poly 

Ml) l:'/ i ' i jv Jt \ y K\ /tfy adipoyl oxide, a poly pimeloyl oxide, a poly 

^^p^/V^-^Sx Kv WWTM suberoyl oxide, a poly azelaoyl oxide, and a 

7^**^ *11^ poly sebacoyl oxide, is mentioned. 

-iJ^-A' * y K 0) ■yjj/u m y Also in these, polyethyleneglycol, polypropylene 

(tiRM-ct^a & ^ tf ^ ti 5 „ ^ tt glycol, a polycaprolactone triol, a polyethylene 

ig y as y y >/ carbonate, a polypenta methylene carbonate, a 

y -/K >K'!J > ^' ij polyhexamethylene carbonate, a poly adipoyl 

— /K /Ky fJZfmy^ \,y\. oxide, a poly azelaoyl oxide, and a poly 

l )-A —A\ >K y -c •/- u > — ;j< sebacoyl oxide are desirable. 

•->k* — k ?k y $ t< 
/M-*-> k # y r 
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[ 0 0 2 6 ] [0026] 

Mtiftffiitf y — i$ iji X*ho There may be the above-mentioned organic 
f&MC MW<Dti° ]) -?*-oyM1ji~C polymer independently, or mixing of two or more 

& o • C 1) J; 1/ \ WMk $gj$M$J polymers is sufficient as it. 

^Mlffi Moreover, the main strand of an organic 

v $Hlitrc\ -LuL^f-co polymer is the range which does not impair the 

WM^W^WV^M^T^ effect of this invention, and may contain the 

y -v — 11 % n h "C l$rx£$ <fc \ \, polymer chain which has repeating units as 

§ 6 Jii:^--:li|£j)!i desired other than the above, 

f \ lz J: o X h ic £ tiili/ * ?K y Furthermore, it is sufficient to mix and use a part 

-v- • ^ i> L"C)IJ V^C R of polymer which is not removed by heating 

V>„; * tL^g^i - §7j'y -e— <t other than the above-mentioned polymer, either. 

l^Ot, >K K\ /Ji y 5 As a polymer applicable to this, a polyimide, a 

>s & y '/' $ |-\ /ft y yV poly imine, polyamide, a poly benzo imidazole, 

S ^y—jv^ M ^WMi poly urea, a poly sulfone, a polysiloxane, etc. 

/ux|; > , xjf y •> i / -V HJ- >• & £ //; are mentioned. 

2£ff MiSo ^^gl^Ji-ijolt'S^j' The additional amount of the organic polymer in 

WMM^mmMmW^ ::Wfcm this invention is 10" 2 -100 weight parts to 1 

*c$/i/y>M I >R!|i;;|ii'.xJ L t weight-part of alkoxysilanes, preferably it is 

0 - 2 ~ 1 0 0 WMgfr , M * L< 10 1 -10 weight parts, furthermore, preferably it is 
ttl 0 " 1 ~ 1 0 Effl, £ 6 i '. 1 0" 1 -5 weight parts. 

^JC L < m 0 " 1 ~ 5 jfiliij'iirc If there are few additional amounts of an 

h 5 o -fr fl y v — <£> Ms/ju M # * organic polymer than 10" 2 weight part, a porous 

1 0- 2 iIii : :!)fiftF#fL substance will not be obtained, and even if 
WW.t?>iv)\ t fz I 0 0 >i< .'A- more than 100 weight-parts, the porous silica 
$<t <9 # < XI), -f-^&MM^ which has sufficient mechanical strength is not 
BmW^m^mm^ ^mmB obtained, but it is lacking in practicability. 

[00 2 7] [0027] 

TfM^ !J -7- -<©#:7--fl;B*3?J& As for the molecular weight of an organic 

"C10 0 - l 0 0 ;j'T*fc5: £ polymer, it is desirable that it is 100-1 million in 

* £ Xmn f<% a number average. 

£ tm: y Sxvmkm What should be observed here is that the size 

iill|: : liS ; !i ^(5if of the porosity of a porous silica is very small 

hklt'-hj, *) uniform for being seldom dependent on the 
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"C f : BM < M "% •- - tt T. t X 'h molecular weight of an organic polymer. 

■6 ,. - ti (;t MMWi. 3i 1.(5: M ijli ' Since a high mechanical strength is expressed, 

®fc^z:WfcM> T[SM^%>:h a this is very important. 

7' /u- :.i -\- >' t v P aihUAlWi' Water is required for hydrolysis of an 

l:t/K 5» WM X & 6 , "/ A- •-' =r -> alkoxysilane. 

i? -y y i *J 1"&/k 60 Mfi $ As for adding of the water with respect to an 

<£> ife , . & & V? 1 fi T JV ^ r-j^ alkoxysilane, adding as alcohol with a liquid or 

\.Xh\\-tZ>(Dft -m'-) solution is common. 

Xh%fi\ AMM®MWW*M However, it is sufficient to add in the form of 

t> v\, AuomMZ&fflt. water vapor. 

(£3? Z & ') k s T iv n % i/ i/ y if adding of water is performed rapidly, 

yo)WMc .); •) XMM&MM'k depending on the kind of alkoxysilane, 

ffifcftM'^-gXfcW&'jr. L&M hydrolysis and condensation are too quick and 

a i$M %> tc#> a jfc <DMMK%^ may produce precipitation. 

WMfrfimS, W^4t M M M Therefore, it spends sufficient time for adding of 

'It fc H TVi' =» —jUtj: Eo^M % water, in order to make it homogenize, it lets 

Wfe y MM%*MMMM* solvents, such as alcohol, exist together. 

tc Fo~) N)^>\'^ :Uci:m^{r It is low temperature and adds, a these 

^It'OIK > Ml 6,. technique are used individually or in 

combination. 

[0 0 2 8] [0028] 

iiil£i^t^Mf^^7 It is sufficient to add the substance which 

ycnlMMftM. J^Ms^lxl^ functions as a catalyst for promoting hydrolysis 

^M-f Z>tz#)<DM%b Ltll of an alkoxysilane, and a dehydration reaction 

-■)- S ft 'i'i % WiU L X \, Ml in this invention. 

ti£t L dtiTiiL :) &^W<Z>Mfc As an example of the substance which may 

mt LXl:l, iiLMs fi'i'ftt function as a catalyst, acids, such as chloride, 

liUiiv liv ^liSi nitric acid, a sulfuric acid, formic acid, an acetic 

4" kWMBBMM t V \ £ ti h acid, oxalic acid, and a maleic acid, are 

&MM>M}\tMmT^MMm^ desirable. 

v> 1 ir/u-icx-j- L 1 -C /Uj^T, The additional amount of these catalysts are 1 

4T Tfe L < (:t I 0 1 WMgkJF&M mol or less to 1 mol of alkoxysilanes, preferably 

%X\h6o I -t/Kfc &£m?MM below a 10" 1 mole is suitable. 

WiW%.lr>% U m^^mm If this is larger than 1 mol, a deposit will 

^t'fhth^ ^McrM'h &a generate, a uniform porous object may not be 
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obtained. 

[ 0 0 2 9 ] [0029] 

MmWM 3 v Kf4" In manufacture of the porous silica thin film 

fcfcj L fc^^Lfi y ##91© which went via the hybrid body like this 

WJ&MM V}X v M$k<Dff{£\t>& invention, a presence of a solvent is not 

f^M^MM W^MU WMn necessarily indispensable. 

PWMMMM. V ^^ t However, if alkoxysilanes and an organic 

^MM^^-mMB^i§<, :JiN£ polymer are dissolved, it can use, without 

m^W&m^^m v 5 particularly limiting. 

HnbTfeSo As an example of the solvent used, they are 

$J t L XU , &M$kl.^4 (D r- C1-4 monohydric alcohol and C1-4 dihydric 

fili 7 MM — yF v ; ^rM^ I— 4 (D alcohol, those ether, such as glycerin, or an 

^m^W^m esterification material 

Kfe vtT/^-^i h (f)^-~"r j^ f- For example, diethylene glycol, ethylene-glycol 

W^^jbWfa^ monomethyl ether, an ethylene-glycol dimethyl 

^-k^^y ^-W v ifi/V^ ether, 2-ethoxy ethanol, a propylene glycol, 

y >a — /U-It y y ^ /L , :c ^^ yl ^ monomethyl ether, a propylene-glycol methyl 

y -m-^PPB ^/lo- ether acetate, or a formamide-, n-methyl 

2 h f^®^ formamide-, N-ethyl formamide-, a 

yk s t^u^^y xi— yK ^ N,N-dimethyl formamide-, a N, N-diethyl 

j: T^^i/y formamide-, N-methyl acetamide, N-ethyl 

^ y ^ — /k^/^^/kTir acetamide, a N,N-dimethyl acetamide, a 

r^- Wfo&V>fem&AT^ F\ N, N-diethyl acetamide, N-methyl pyrrolidone, 

N- ^?-;Ufc;UJ±7 ? FY N - n-formyl morpholine, N-acetyl morpholine, 

xf/i/^/i/A7 ; F\ N, N — N-formyl piperidine, n-acetyl piperidine, 

7X >>V,- N : , ; ;: N N-formyl pyrrolidine-, N-acetyl pyrrolidine-, 

S. F v , N- urea-s, such as amides, such as a N,N- 
?^W7M F 7 ■ S ;F ; diphormyl piperazine- and a N,N'- diacetyl- 

W^^M^M^VM^-^^^^ piperazine-, lactone like a (gamma)- 

=f-j^7± h 7 5. F^ N , N ~ s? butyrolactone, a tetramethyl urea-, and a N,N- 

^vFTi? FT 5; FY N-;*^ dimethyl imidazolidinone, are mentioned. 

'fly : P y F x, N - vjvi/ 5 JfelE It is sufficient to use these as independence or a 

M l) >\ N~7"ir^v^yk* mixture. 

y>, n- /F/kAyk^y ^i/ s 

N - T i? ^yF ; N- 
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/J:\ 



. :v ■>"*:i^> : 



fp'J^y, n; n' 



m 
m 



lilt, •ifcllMl: 
i/ v C<!>l'H v. 



[0 0 3 0] 



ft 

<L- IE X o c () . l 

M m ~ 1 0 /j m(/)ifiii|it1-c;|iijfp-e 



[0030] 

In addition, it can add additives as desired, such 
as a stabilizer for the adherence improving 
agent for raising the photocatalyst generating 
agent for photosensitive providing, and 
adhesiveness with a base plate, and saving for 
a long time, to the composition of this invention 
as desired in the range which does not impair 
the meaning of this invention. 
In this invention, it performs formation of a thin 
film by applying the mixture obtained according 
to the above-mentioned production on a base 
plate. 

As a film formation method, it can carry out by 
the method of common knowledge, such as 
spread, an immersion, and spin coat. 
However, spin coat is suitable to use for 
manufacture of the insulating layer for the 
multilayer-interconnection structures of a 
semiconductor element. 
The thickness of a thin film is controllable in 0.1 
micrometer - 10 micrometer by changing the 
viscosity and rotating speed of a composition. 
If thicker than 10 micrometer, a crack may 
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■' ' •J§^ mmmm 1,1 I*.-. 



»ii <t :Un:«, ii'^o. 5 n occur 

As an insulating layer for the 
^° multilayer-interconnection structures of a 

semiconductor element, it is usually used in 0.5 

micrometer - 5 micrometer. 

[0 0 3 1] [0031] 

Wmm^mmmmm^ Things are also made using 
mm&^m§W&B^ 0 V <y compound-semiconductor base plates, such as 
4yi/$J*-r>-J- semiconductor substrates, such as silicon and 
m^mmmmmmmMmm^ germanium, a gallium arsenide, and 
fflbx&h fre-J & U SfbfecD indium-antimony, etc. as a base plate. 
M Wmmtwmm mm L It can also use, after forming the thin film of 
tz 'j x.-Cj|Jv >3 h t t »J'jj!re<fo another substance in these surfaces. 
S» Sffiitv' IIfc l^tH, In this case, as a thin film, they are aluminum, 
T .'V l V J* s ?-?/y^ v titanium, chrome, and nickel, to everything but 
-- : yy.'K $i»K Ms 9>V)i> s metals, such as copper, silver, a tantalum, 
$>-y '/ -Ay- is ^ tX;i>A, |'| tungsten, osmium, platinum, and gold 
m mmmmmm^ Diacid-ized silicon, fluorinated glass, and 
^#<tf#V y 9 Mit V y x , 'J phosphorus glass, boron-phosphorus glass, 
7 X , ;Kl>^- V yfty x % borosilicate glass, a polycrystalline silicon, an 
^^fifctfy*, Mk& i/ V alumina, a titania, zirconia, it can use the thin 
^\ Y/u i -)- s -}-V~y „ v? film which is made up of inorganic compounds, 
^-rv l^^S^ il such as a silicon nitride, nitridation titanium, a 
m^mmmvmsmmfc nitridation tantalum, boron nitride, and 
v" & . M p ft vvu- ! ; x -\- 2l * •'■) hydrogenation silsesquioxane, methyl 
Wmmmmmmm^mmwm silsesquioxane, amorphous carbon, fluorinated 
~t y s T^)Vy-r7, amorphous carbon, a polyimide, and other 
-Jo—tily, y yMitrt/^y / organic polymers as desired. 

[0 0 3 2] [0032] 

mmmm^m^^mm It forms a thin film by fabricating the 
" & ^ h\z&y wm& composition obtained by making it above. 
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y ^mw^iwm % 5 o - 3 



wmmm r_ 5 u . v-y # 



By gelatinizing the silica precursor in the 
obtained thin film (sol) at 50 - 300 degrees C, 
they are a silica gel / organic polymer composite 
body (hybrid body). A thin film is obtained. 
The more preferable setting temperature range 
is 60 - 200 degrees C. 

By performing a gelling in this temperature 
range, a gelling fully advances, a silica skeleton 
becomes firm. 

Since a gelling does not fully progress that it is 
60 degrees C or less, contraction takes place. 
A silica skeleton is vulnerable and, 
consequently the mechanical strength of a 
porous-substance thin film is not obtained. 
Moreover, an organic polymer may permeate 
and ft} L may happen. 

Moreover, an unnecessary void may generate 
on the hybrid body that it is 300 degrees C or 
more. 

It is not desirable. 



TO O 3 3 ] [0033] 

-4<m\xn^i6 >^i-/V y K The role of the organic polymer in formation of 
WmtmmftZ^mm the hybrid body obtained by this invention is 

mmttmmm&mrm^® important. 

tts fi'ti/J'y-v" 1:15 0- 3 0 These remain in a reaction system substantially, 

0 °C-C h ^r j^mti' 3 even when an organic polymer shifts to gel from 

s Wmmmmimmmmm sol at 50 - 300 degrees C, therefore, sol 

L T.l ^ 6 co C\ y'/i4£ f itB particles can fully raise the porosity, when it can 

SiiW»lii»i become the gel body, an organic polymer is 

ZWm m>^f mmk tm t extracted from the hybrid body in a subsequent 

ft "C s\ ^ co f£ co mU^WM W process and a porous substance is formed, 

V^-ft-^'J'V y K{ta&>6tfe maintaining the size and form with a swelling 

%m mmmmmmmmm state. 

M-a- lz oy£3U$- & fih ib The porous silica thin film in this invention is 

£z\-t fc~Q%Z> 0 ^|§PJ|cfc{^ obtained by removing most organic spacers, 
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WmmmmM^mmm J:'M:~? applying 300 - 500-degree C heat to a hybrid 

V -v YfoUWA?.- 3 0 0- § 0 body thin film. 

0 toi^Wtl'i^^-t By controlling heating temperature in this range, 

Wm^^m^S&MmMmM. the amount of residue originating in the organic 

XVf hth& n MWX £ 1 W> polymer in a porous silica thin film becomes 3 to 

iil»fWiPiil» 1 5weight%. 

it is thought that a residue composition is made 

MT8BftW<DW& 3 ~ 1 5 3i up of what remains as it is without heating also 

ii1;%M&3 0 ^ff^lllAJcii, /jp degrading, degradation products, and those 

m^mm%mmmmm^ mixtures. 

WMmW, mmMmm, Mk A more preferable temperature is 350 - 425 
CR ti ?m h 0) degrees C. 

[0 0 3 4] [0034] 

mmmmW&l&mmxm If lower than 300 degrees C, removal of an 
^Wm^M^BWMMM organic spacer is inadequate, and in order that 
Wmmmmmmm^mmm an organic matter may remain so much into a 
\'J% 6 ti , WM^0M^y^M porous silica thin film, there are danger of the 
^ 3 V ■ vjfjm low porous silica thin film of a dielectric constant 

tf fo&a M\t 5 0 0°C.t <9 fc.jft not being obtained. 

l/*fB:8E i T?1tis& i 9"&Z. I. S I Conversely using by the production process of 
©IlIS»^i©Ii LSI cannot perform treating at a temperature 
X'h6„ Mmn!f \m±l ft- 2 4 higher than 500 degrees C. 
H'/lr'UcolGW'Cfr 5 £ t L As for cooking time, it is desirable to carry out in 

Wi 1 WM *)'Pt£h\b-A<Vs- 1 minute-24 hours. 

Wm^mmWMm*mm Since transpiration or a degradation of a 
M i> liilil polymer will not advance enough if fewer than 1 

Bite^M^^ffilS^S L, # minute, an organic matter remains so much in 
ft^Ilf S 0 f fe v 1115) the porous silica thin film obtained, a property 

mmmmm-mfMmmmt gets worse. 

t&(T)X\ ~ liM 1-. U- ft.'/ fill (/; Moreover, it usually completes thermal 
ifcMfoiS &M^Mte^sf£^o decomposition and transpiration within 24 



hours, therefore, baking processing of a more 
than [ this J long time seldom makes a meaning. 
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t j: o -c i& -Mum^ rsj ^ns** 

f < *B&&$§? 

L TV v 5 v- 7 / — /l^S^ 



[0035] 

It is sufficient to perform removal of an organic 
polymer in the inactive atmosphere of nitrogen, 
argon, a helium, etc. 

It can mix air or oxygen gas and can also carry 
out by an oxidative atmosphere. 
It is in the tendency which removal temperature 
and time reduce by using an oxidative 
atmosphere generally. 

Moreover, if ammonia, hydrogen, etc. exist in 
atmosphere, the silanol group which remains in 
a silica simultaneously will react, and it will 
hydrogenate or nitride, it reduces the 
hygroscopicity of a porous silica thin film. 
It can also control the rise of a dielectric 
constant. 



[0036] [0036] 

% bxitz mm is&M mm* -> Water absorptivity will be restrained if the 

V /Wfc#JT«g« t , Wfo®. obtained porous silica thin film is treated by a 

#Wi x. hHy £ icffiMWg sililating_agent, furthermore, stabilization of a 

/Sfb^RTnElcftS U dielectric constant is attained, moreover, it can 

ttff £ ©&#tfc £rjfi] ± $ -frfc D improve adhesion with another substance. 

m^Z^bO-Z'Z As the example of the sililating_agent which can 

Ummmmtmmmm^ be used, a trimethyl methoxysilane, a trimethyl 

ethoxysilane, a dimethyl dimethoxysilane, a 



pat. |, -V- •> y -/vu f 

# y ^ h y & -\- 
y y< yvw v^- f^> v- y y , 

i?? ^/l^ es /feyt: |s # ^ ^ 

y, >y/ k m v & 



dimethyl diethoxysilane, a methyl 
trimethoxysilane, a methyl triethoxysilane, a 
dimethyl ethoxysilane, a methyl-di ethoxysilane, 
a dimethyl vinyl methoxysilane, a dimethyl vinyl 
ethoxysilane, a diphenyl dimethoxysilane, a 
diphenyl diethoxysilane, alkoxysilanes, such as 
a phenyl trimethoxysilane and a phenyl 
triethoxysilane 
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y % wm. mmmk W&SM A trimethyl chloro silane, a dimethyl 

y 3£| : ^y ± ^/u g ^c ^/V dichlorosilane, a methyl trichloro silane, a 

v y ; 7 - :/i l y / |> --\- > •> methyl dichlorosilane, a dimethyl chloro silane, 

7 >, 7 — /V- K!Jx |^ df- v" v- a dimethyl vinyl chloro silane, a methyl vinyl 

7 ^ ft if CO 7 /i> 3 dr v' 7 ^ dichlorosilane, a methyl chloro disilane, a 

h y ^ ^srtiJ? p n v-y triphenyl chloro silane, chloro silanes, such as a 

v ^ -f /i^ ? p u^ ; ;y, g methyl-di phenyl chloro silane and a diphenyl 
;i/F!) ^ ti n i/7 y, © d ichlorosi la ne 

Syros Zhang, such as hexamethyl disilazane, a 

->v>\ >V-/vi UK N,N'- bis (trimethyl silyl) urea-, N-trimethyl-silyl 

>\ / \£;sMMM a m acetamide, a dimethyl trimethyl-silyl amine, a 

v'-'-f?-^ / J a^/mu >?> v>' % diethyl triethyl silyl amine, and a trimethyl-silyl 

h y i7^-"/U^ p u yy y s / imidazole, is mentioned. 

•f-jvyy ±_~-;vy p p y ; )y s it performs the method of silylating by methods, 

y> 7 .t c± >v i? y v u*yyyt£¥ such as an application, an immersion, and 

V)'j uu-yy y'M. / ■?■ steamy exposure. 

)l>?yyy-\fy s N, N ' IT\X 
( Y V *1-jWyy ;V) v ^T y 

x K is/ %®L> bV / "fMy y 
/b7tt^V v^- -/-/!✓ h y :r.-/-/U 

->y/ur § h y ^ -/vu-> y 

[0 0 3 7] [0037] 

WWII The porous silica thin film obtained by the 

4t# y #:|SflIf-£v ^ Wot^^ above method has the large porosity of 

Wl^Kt, structure, and a dielectric constant is enough 

V v f£< , % tzMMHi^J—^ and is low, moreover, a thin pore size is uniform, 

Lfcky- V Mt>folt'&m%:W&. and since the silica skeleton moreover has firm 

h U o T ^ <5 P: b/) „ 'M if /j jo £ structure, adhesive force and a mechanical 

&&ftR6Mi fi H *6 C m h\ - strength are extremely high. 

MtLX, WBMM 5 3 % 'C\ As an example, in a porosity, an average pore 
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mmmmfmmmmmmm 



i > V\ I - J;- v 




size does not exist at 53%, and hole 10 nm or 
more does not exist substantially by 2.9 nm, but 
a 50 Mpa (adhesive force is 50 Mpa above) 
porous silica thin film is mentioned for tensile 
strength, it is the optimal as an object for the 
insulation film of the base plate for LSI 
multilayer interconnections, or a semiconductor 
element. 

It can also use the porous silica thin film 
obtained by this invention at the porous silica 
body of the in the shape of of a bulk other than a 
thin film, for example, an optical film, and the 
beginning of a catalyst carrier as thermal 
insulation, an absorber, a column filling 
material, a caking prevention agent, a 
thickening agent, paints, an opaque-ized agent, 
ceramics, a smoke-prevention agent, an 
abrasive, a toothbrushing agent, etc. 



[0 0 3 8] 



[0038] 



[Mmcomm^mm] [EMBODIMENT OF THE INVENTION] 

i^T, - Hereafter, the Example of this invention etc. is 

mM^mmm^mmm zmMz shown. 

illSlllIIIIIil However, the range of this invention is not 

m ^Ki^V^M^ommt limited at all by these. 

W^SMBMs liil^Si^ It performed evaluation of a porous silica thin 

? m film using following equipment and a method. 

( 1 ) mm, Wmmmm (1) A porosity an average pore size, pore-size 

M : ^ !i =i^V ^-±(Dm distribution : it shaved off the thin film on a 

MRfot, WMtyk^t^tf silicon wafer, and measured using the nitrogen 

& — {?Ty$?xi— adsorption-type porosimeter (Autosorb 1 by a 
mm^-'h y Quantachrome company). 

XM\'aL\_stz 0 foh fr It required for the porosity compared with the 

Eiif:b;»^lffiii^ density of the bulk body prepared beforehand. 

tk^ LXMfotio iilili The maximum pore size adopted the pore size 
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(2) WWMM : '1" i N&./iifii through the mask made from SUS (stainless 
imm^mm^mmmmmmM steel) to the upper part of this thin film after 
l^WfDU^Br^k, forming a porous membrane on the silicon 
co.kglHcS U S {'Ay-yWAM) wafer in which it formed TiN on the surface, it 

v ;x >y >i-i{fj l X ~f)\s i^-<y produces the electrode of diameter 1.7 mm, it 

^ME X ff^ I. 7 mm© required for the dielectric constant (k) in 1MHz 

Tliffi £ r£M U -f > - $ V x using the impedance analyzer. 

tetf'&VcWW (k) £?Jt#>/c 0 

[0 0 3 9] [0039] 

(3) (Mltv 01 (3) Mechanical strength (adhesiveness, tensile 
mmmm mmmmmsm® strength) : membranous adhesiveness and 
?\i<M<9 M fiv/y^^^^/N tensile strength carry out the sputter of the Si0 2 
" i<£JlMI 1 0 n mco||^J'/-CS to the film on a silicon wafer by 10 nm film 
i 0 2 ^mMmMM S i ©2 fli thickness, it attaches a rivet by an epoxy resin 
Wmw^m^mB^mmWM on a Si0 2 film, and makes five data, the 
L T 5 o CO ^ f4 £• ft: L'C\ <j I tension test device estimated as average value 



o 'M <9 ^. H J;fl-e 5 oo Uno) f- of five data. 
i%Mt L C,if : fiiiiL/c 0 iJMMS A Measurement temperature is 25 degrees C. 



tmfWmmmmmmvmiM the porous silica thin film on a silicon wafer, and 
y .,. /N . ••. heo .^Lf'l-; •> y $ $ temperature_raise from room temperature to 



yMtmwm^m WBmmm, 425 degrees C by 20 degree-C/min using the 

B (f( hk'MfiM : I" C A — 5 0 &r Shimadzu make and thermogravimetric 

: M*%WM*% 2 0 4 analysis machine :TGA-50, it required from the 

2 5 'C £ 'C Stl L ; 4 2 5 "C 'C weight difference before and after holding for 

1 1 20 minutes at 425 degrees C. 

[0 0 4 0] [0040] 

l&mM 1 ] [EXAMPLE 1] 

^ ^/w h y ^ h^-^v/y >-7 . After dissolving methyl trimethoxysilane 7.0g 




ii 2 5"CC'i)/ Jo 



(4) Content of a residual substance : shave off 
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0 % ttf V MM j| y sf !J f - - a- and polyethyleneglycol monomethacrylate 

WH § 9 % D \/—\- (^ Y- 1,1:5 (molecular weight 500) 5.2g in a mixed solvent 

0 0) 5. 2gt, x?>f (ethanol 10.0g and propylene-glycol methyl 
10. iff! y'p WmiSM. n ether acetate 2.0g), it added 3.0g of water, and 

- ;u/-f /i^- -y /uy'± r-- h 1.5g of 0.1 N sulfuric acids to this solution, and 

2. ; 0 & ©lllllllll 1 stirred at room temperature for 2 hours. 

m^mMMWMWmmB&. 2g of this solution is added dropwiso on the 6 

1 Nfiftfi 1 . 5 g SriJIlx.^ -i<iU inch silicon wafer which carried out coating of 
•C 2 H-H'-HCMf L § cof#i# 2 the silicon-nitride thin film beforehand by the 
g & ; -vI-fLi y /' 1 Mi4W^ chemistry gaseous-phase method, it rotated at 
fli^;(.:.,i; <) i'^::;- -7-4 i/'/ L the rate of per minute 1500 rotation, and 

^m>m&^mmmmmm applied. 

/^±i;iT Uft l 5 0 0 Next, on a hotplate, among the atmosphere, it 

co )£ 'C |y| fe L C 'M (ii L heat-processes by the cure reactor of nitrogen 

fe 6 ft (vi >t< 5/ h -J'u— h _t -e A atmosphere after 1 -minute heating at 120 

f | r2:0i;t:i#iii { : : i degrees C, and then heat-processes at 425 

MW\\%~Yo~)*._ L T>hHcx 2 0 degrees C by 200 degrees C for 1 hour for 1 

lifiiiiI«II|| hour, it obtained the porous silica thin film with a 

-C 1 WMi W&>&m. U J££ 1 . thickness of 1.01 micrometer. 

mtc 0 

[0 0 A 1 ] [0041] 

P>lifefIttKi«iI©I The porosity called for by the nitrogen 

X - > ~Ok#) absorption process of the obtained porous silica 

mmmmmmwm^mmm^ thin mm is 53%. 

2% : :M h m; v li ihiiliSl It turned out that 2.9 nm of average pore sizes 

W^M^MM MWW^ and hole 10 nm or more do not exist as a matter 

o fee T i N jfj_h(C« U 7t # of fact. 

TOflf ViWzliW'Jti The dielectric constant in 1 MHz of the porous 

M¥tt2 . IWMm S i © 2 co membrane formed on the TiN film is 2.1. 

X'fo'64. T> & A # < T It was much less than 4.5 which is the dielectric 

ffloCWr,, TGA {fMiUVj} constant of Si0 2 . 

4/r) ! ' ,1 <9 >ktf>b thk.B'vl{¥J -Vi The residual amount of resources calculated by 

fi± 5 . 2 tft'$i;% "C jo fc 0 Si ^ TGA (thermogravimetric analysis) was 5.2 

#fe;fcfcMM»Mf$|^ weight%. 
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v ^ M M £19 £ Furthermore, the cohesion failure of material 

OMPa ilill happens in the dynamics strength test of the 

3fttt(i5 O M R a mJj:) v obtained thin film, that value is 50 Mpa. Being, 

MmmmBMm^M& (therefore, adhesiveness 50 Mpa or more) this 

Wf&WMt$&&^ porous silica thin film has a dielectric constant 

"IlilllJ; desirable as a semiconductor interlayer 

£r W ^ ^>%m^h insulation film material, a thin pore size, thin 

hole distribution, and a mechanical strength. 



V.: I 



[0 0 4 2] 



[mm 2 ] 



9 5 n m<D% 

mm t i n 



wmmmmm 



-JfL t : . 



3. 5 n in'C 1 0 nmPJL KcO 
* L L 4' i-ofr „ T G A ( ' 

3i»5 5 M P a O&MfiS 
5 MP a mm "CW/i,., ?/£-.> 

mmmm 



[0042] 

[EXAMPLE 2] 

In Example 1, except setting an organic 

polymer to polyethyleneglycol dimethacrylate 

(molecular weight 400) 5.2g, it is a similar 

method and film thickness obtained the porous 

silica thin film which is 0.95 micrometer. 

The dielectric constant of the porous membrane 

formed on the TiN film is 1 .9. 

As for the average pore size, hole 10 nm or 

more did not exist by 3.5 nm. 

The residual amount of resources by TGA was 

4.9 weight%. 

Moreover, the aggregation fracture strength of 
material was 55 Mpa (adhesive force is 55 Mpa 
above). 

Therefore, the obtained porous silica thin film 
has a property desirable as a semiconductor 
interlayer insulation film material. 



[0 0 4 3] 



m 



[0043] 

[EXAMPLE 3] 

fe^Wm^iuyT It sets an organic polymer to polyethylene 
2 V lsmb adipate mono acrylate (molecular weight 400) 
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WM 4 0 0) 5 . 2 p, t U ff- 5.2g, except making heating temperature in a 

^ '^-?WiJPfi»Sr 4 5 0 °C cure reactor into 450 degrees C, it is a method 

B^mmMMBWM 1 £;l!il:<£> similar to Example 1, and film thickness 

JjUvC\ W'/./jH). 9 7/iinC) obtained the porous silica thin film which is 0.97 

Ml» Pflliif^Ki micrometer. 



N ELL !C)IM L ife ^-(ilWJi^ll There is a dielectric constant of the porous 



lil^ 5 1> ^ > membrane formed on the TiN film 2.5. 



lltfe| 0 tltllell 12.5weight%. 

S&^MJf &4 5 MP a (ttrfijj Moreover, the aggregation fracture strength of 

lit 4 S MP a iik h) Trfc o feo material was 45 Mpa (adhesive force is 45 Mpa 

ft s? -c ffi h H ft m\M i/ V h U above). 

M%W^^MfMfflM^fflW£ L- Therefore, the obtained porous silica thin film 

X ///• :t L l £ f i'f Z> U<7) ~C has a property desirable as a semiconductor 

interlayer insulation film material. 

[0 04 4 ] [0044] 

[MMM4 ] [EXAMPLE 4] 



•jfe'MifriJ 1 Ic&l^T, / ^/P h]) In Example 1 , it obtained the porous silica thin 

/ b 4- -> y > R- x c ->• h -7 film with a thickness of 0.98 micrometer by the 

b A- v->"7 > l. 2 . Or (5 similar method as Example 1 except having 

8 . Ommo I ) £/fli^T\ # replaced with the methyl trimethoxysilane and 



Jj lJ u — I ' ( tllliO: 0 ) 1 monomethacrylate (molecular weight 500) 

0 . Is k)\\\^tLWA\X%M% 10.4g using tetra ethoxysilane 12.0g (58.0 

1 t MWR "%W$M $ 0 . 9 8 mmol). 

At m m &>t^B%M A dielectric constant is [ 2.2 and the average 



£l.t.0)-{U Uf-{\ : . L > o 7i„ r The weight reduction on TGA was good at 6.3 

G A h COM lib M'> fi 6 , 3 Jit weight%. 

!a%"CJi4^j'-Cfoo Ac 0 Furthermore, tensile strength was 48 Mpa 




!J :.i:/-u>7'y -i- / having 



used 



polyethyleneglycol 
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lliiiilii? a (W (adhesive force is 48 Mpa above). 

iwia mm wms 



fee- 



[0 0 4 5] 

£ Tvi^— rvu (5> T-M-5 0 0) 

5 ... 2gt \mmmm mim 
1 1 mm mmm mmmm 

0) m £ <r> ft Ti Si l.t 1 5 MPa 
(II«8Mtti 5 ; M P a ^ 

-e& 19 s mmmmmmmm 

[0 0 4 6] 
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[COMPARATIVE EXAMPLE 1] 

In Example 1, except having set the organic 
polymer to polyethyleneglycol dimethyl-ether 
(molecular weight 500) 5.2g, it is operation 
similar to Example 1, and film thickness 
obtained the porous silica thin film which is 0.89 
micrometer. 

The dielectric constant was 2.0 and average 
pore sizes were 3n m. 

It sets this material to a mechanical-strength 
measurement test, exfoliation takes place by an 
interface with a base plate, and the adhesive 
force in this case is 15 Mpa (the aggregation 
fracture strength is 15 Mpa above). 
It cannot be satisfied as a semiconductor 
interlayer insulation film material. 

[0046] 



[COMPARATIVE EXAMPLE 2] 

It dissolves tetra ethoxysilane 12.0g (58 mmol), 
polyethyleneglycol monomethacrylate (mean 
molecular weight 360) 6.8g, and 
polyethyleneglycol dimethacrylate (mean 
molecular weight 540) 3.4g in a mixed solvent 
(N-methyl pyrrolidone 20.0g and 
propylene-glycol methyl ether acetate 1 0.Og), it 
p ]J K> 2 °- °g- 7" D *?P added 7.5g of water, and 1 .5g of 0. 1 N nitric acid 
n -/m ^ to this solution, and agitated at room 
t-r- M0. Og©iMI temperature for 2 hours. 



«J2] 

r \- y m \- -V- y : / y 1 2 . 0 

g (5 8m m o 1) , MVm^ > 
-jV-X-J/ V \) u-- 

h ( f Mj5>-f .?< 3 6 0) 6. 8 

^ y i/- h (TO#^&5 

4 0) 3 . 4 g 
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g tO. 1 NfiiW'l . 5 g 



* ■< 

--7' -Y > 7' L Cfcl v- y u 
/yhJr.fo'ft 1 5 0 0 R fjg 

(DiM:^VUUMM U • 12 OX 
J'-T 1 H'fl.'iJ, 1 8 0 X|S^ 1 Hi 

J¥£ ; :0V 2 3 jii in 

i ©^^M^«^"fi ; 2 5 

MPa (V^.M'r/j (,t 2 5 MPa JLU 



It adds dicumyl peroxide 0.5g to this solution, it 
carries out the spin coating of the silicon-nitride 
thin film at the rate of per minute 1500 rotation 
on the silicon wafer which carried out coating 
beforehand by the chemistry gaseous-phase 
method, it heats at 180 degrees C in 120 
degrees C for 1 hour for 1 hour, it obtained the 
thin film of a composite body with a thickness of 
0.41 micrometer. 

It bake-processes this sample at 450 degrees C 

under nitrogen atmosphere for 1 hour, it lets the 

amount of organic polymer burned down. 

It obtained the porous silica thin film with a 

thickness of 0.23 micrometer. 

The residual amount of resources was 1.8 

weight%. 

The aggregation fracture strength in this case is 
25 Mpa (adhesive force is 25 Mpa above). 
It cannot say it as what can be satisfied as a 
semiconductor interlayer insulation film 
material. 



Worn] 
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[ADVANTAGE OF THE INVENTION] 

The porous silica thin film obtained by this 
invention has a large porosity, and its dielectric 
constant is low, uniformly, since the silica 
skeleton was firm, the thin pore size improved 
•ft; tiJl & <£ lF<j I o # <0 MM adhesive force and tensile strength markedly 
fct M M im i - it '< 'C WWt \ & | nj h L compared with the conventional product 
ft. 
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